Programmind-anguagesupportfor
Collaboratve Virtual Environments

Clinton Jefery, OmarEl-khatib, Ziad Al-sharif
Departmenbf ComputerScienceNew Mexico StateUniversity

f jeffery,okhatib,zsharif

g@s.n msu.edu

NaomiMartinez
Departmenbf Mathematicsniversity of Michigan
naomiam@umich.edu

Abstract

Collaboratve virtual ervironments(CVES) are
avery popularform of entertainmentThehigh
costof developing CVEs haslimited their use
in smallscaleor experimentadomains.The 3D
graphics,network communicationsand audio
featuresof CVEsposesigni cant challengegor
developers.Thispaperdescribeweryhigh-level
languagesupportfor 3D graphicsthatfacilitate
rapid developmentof experimental CVEs.
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1 Intr oduction

Gamessuchas EverQuestuse computerswith
3D graphicscardsand internetconnectiongo
createvirtual environmentsin which usersma-
nipulatecomple virtual objects. Collaboratve
virtual environment(CVE) technologyhasenor
mouspotential but thecostof developmentim-
its the rate of experimentatiorandrestrictsthe
pool of developersto larger organizationsVery
high-level languagesupportfor graphicsaudio,
andnetworking abstractionganreducethe cost
of developing CVEs and make them econom-
ical for new applicationdomains. APIs such
asOpenGL[7] enableconstructionof portable
3D applications but theseAPIs are very large

andcompl. Sun's Java3Dwebsite claimsthat
API enablesordinary programmergo write 3D
graphicshut the sizeandcomplity of the API
(150+classespeliesthatassertion.

This paper describesgeneral purpose pro-
gramming languagefeaturesthat support the
rapid developmentof CVEs. The featuresare
implementedin a very high-level applications
languagecalledUnicon[5], a successoto Icon
[4]. Languagextensionwasusedto explorethe
combinatiorof CVE featuresn optimizingcon-
trol structuresandsystemsupport,andto allow
thenotationfor CVE objectsto beconcisecom-
parableto arraysor strings.

ThispaperfocuseonlanguagdeaturesUni-
conCVEsalsouseclasslibrariesthatmodelthe
virtual ervironmentin anextensible,very high-
levellanguagea CVE client/serer architecture;
toolsfor building virtual worlds;andareference
implementatiorCVE; seeSection3.

Featuresthat provide accessto general-
purposecapabilitieghatareubiquitouson mod-
ern hardware and software platforms desere
languagédevel supportn theform of types,con-
trol structurespperatorsaswell asintegration
and optimization within virtual machinesand
runtime systems. The languagefeaturesadded
to Uniconto supportCVEsare3D graphicsnet-
working,andaudio. They canbeusedvaryingly
in mary differentdomainsand CVEs. This pa-
perfocusesnthe3D graphicsaspects.



2 Graphics Support for CVEs

Unicon's 3D interfaceextendsasetof very high-

level 2D graphicsfacilities [3]. Built using
OpenGL,Unicon's 3D interface runs on mul-

tiple platformsand provides a level of abstrac-
tion suitablefor programmersvith little graph-
ics expertise.Becausehedesignis nota“wrap-

per” for the OpenGLlibrary, it is notlimited by

OpenGLs C-basedharadigmshbut is freeto in-

tegrate3D asneededhroughouthe virtual ma-
chineandruntimesystemof thelanguage.

2.1 DesignRationale

Unicon 3D supportsgraphicsprimitives, trans-
formations,lighting, andtextures,emphasizing
easeof learningand useat a higherlevel than
OpenGL.The useof image les astexturesis
simpli ed, the manipulationof colors, material
propertiesandtexturesis integrated,anda con-
trol structurecalledtransformenvironmentsim-
pli es matrix stackmaintenance.

OpenGL contains 250+ 3D graphicsfunc-
tions; programsalsoperformmary window sys-
temcallsto open/closevindowvs andhandleuser
input. Unicon 3D reduceDpenGLs API down
to 19 new functionsand6 extensionsto pree-
isting 2D graphicsunctions.The simpli cation
comesfrom a e xible type system,supportfor
variablenumbersof parameteranddefault pa-
rametervalues, bundling mary OpenGL calls
into atomic operations,and omitting seldom-
usedor unnecessarfeatures. To drav a poly-
gon in OpenGL,the usercalls glBegin() ,
followed by calls to glVertex() for each
vertex; the actual polygon is renderedwith a
call to glEnd() In Unicon 3D, a call to
DrawPolygon()  performsthistask.

2.2 Primitivesand Attributes

Scenesare dravn as setsof primitivesin an
(x,y,2) coordinatesystem. The objectsvisible
on-screendependon the eye position and di-
rection. The Unicon 3D primitives are cubes,
points,lines,spherestorii, cylinders,disks,and
various polygons. Polygon vertices are sup-
plied in various“mesh modes” (simple, trian-
gle fan, quadstrip, etc.). Modestsemantiam-
provementsare madecomparedwith OpenGL;

for exampledrawing of concae polygonsis not
part of OpenGL.Drawing functionsusea de-
faultwindow which canbe overriddenby anan
optional rst parameter

Unicon usesattributes, read or set via the
function WAttrib(), to control draving details
withoutintroducinga large numberof functions
or struct/classelds. Attributes are encoded
as stringsto simplify the interface; they con-
trol colors,textures,line styles,fonts,andcam-
era featuressuch as eye position. A change
to one of these attributes looks like WAt-
trib(w,’eyepos=0,0,7.2")Whenaneye attribute
changesthe scenes redravn.

2.3 Transform Environments

Matrix multiplicationscomputerotations trans-
lations, and scalingon objects. Compoundob-
jects are renderedby applying transformations
hierarchically OpenGLaddressematrix stacks
well andyet Unicon 3D allows substantiakim-
pli cation overOpenGL.PushMatrix(andPop-
Matrix() pairsareextremelycommon,andpro-
grammersftenfail to matchthem, motivating
a new control structurein Unicon 3D calleda
transformervironment The syntax

window expr
evaluates expr, wrapped in a PushMa-
trix()/PopMatrix() pair. Transform ervi-
ronmentsmay nest. If awindow is supplied,it
becomeghe default window for the evaluation
of expr. Thisis analogougo thestringscanning
control structure that originated in the Icon
language.The expr in atransformervironment
is usuallya compoundexpression.The PopMa-
trix() will be performedevenif the codefails or
returnsfrom within expr, avoiding a common
sourceof bugsin 3D programs. Transform
environmentsalsoimprove codereadability

2.4 Colors,Lights and Materials

Lighting helps a sceneappearto be 3D, but
addinglighting canbe complicated. Thereare
threetypesof light: ambient,diffuse,andspec-
ular, correspondingto non-directional,direc-
tional, andre ective properties.Unicon 3D at-
tributeslightO0..light7 control up to eightlights.
Eachlight is on or off andhasdiffuse,ambient,
speculgrandpositioncomponents.



Each object in a scenemay have material
propertiesthat describeits color and appear
anceundervariouslighting. The materialprop-
ertiesare ambient,diffuse, specular emission,
andshininess.Objectscanemit light of a spe-
ci ¢ color. Usingcombination®f thesematerial
propertiesonecangive anobjecttheillusion of
beingmadeof plasticor metal. Materialproper
ties extend the foreground color attribute used
in drawing. In additionto numeric RGB for-
mats,Uniconusedcon'srich color namingsys-
tem[3]. Naturalcolornamessuchas”deeppur
plishblue” areanalternatve to RGB colorspec-
i cations, andUnicon3D providessimilarly in-
tuitive meansof specifyingmaterialsin CVEs.
Material propertiesarespeci edin stringscon-
tainingupto four semi-colorseparategroperty
component thefollowing format,plusanop-
tional numericshininessomponeng

3 opague
ambient paq
. dull
diffuse
translucent colorname
specular
e subtransparent
emission
transparent

In orderto getred objectsa programmercan
call Fg("red”); amorefull-blown materialprop-
ertiesspeci cationcanalsobe expressedonve-
niently, asin thefollowing example.

Fg("diffusegray;emissiorlight vivid green”)

2.5 Textures

Texturesare importantin applicationssuchas
CVEs, giving a sceneits “feel”, rangingfrom
cartoonto photorealistic. Texturesare 2D im-
agesthatreplaceor blendwith materialproper
tiesof 3D objects.Texturedobjects'appearance
dependon the texture imageandtexture coor
dinatesthat map partsof the texture imageto
partsof the object. Unicon 3D texture images
canbe anotherUnicon window, animage le-
namein aformatsuchasJPGor GIF, or astring
encodingof theimagein aliteral formatsuchas
“width,palette,data”. A rich setof generictex-
turescanbespeci edby atexture nameconsist-
ing of theform

material propertytexture
wherematerial propertyis asdescribedabore,
andtexture is oneof the following 22 textures:
stone brick, sand glass,cloth, wood, dirt, mar
ble, concretetile, leaf, grass,carpet,skin, hair,

metal,water clouds,grill, iron, plastic,leather
CVE objectscan be dravn using generictex-
turessuchas"wood" or moreinterestingtex-
ture namessuchas"dark green brick"
This aids prototypes prior to obtainingandre-
ning moreprecisetextureimages.

UsinganotheiUniconwindow asatextureal-
lows the programto createa texture imagedy-
namically This enablessirtual whiteboardsand
computerscreenontainingtexturesthat shav
the dynamic contentof othertextual or 2D or
3D graphicapplications. Texturesmusthave a
heightof 2" andwidth of 2™ pixelswheren and
m areintegers.If not, Unicon3D scaleghetex-
ture down to the closestpower of 2. Rescaling
slows the applicationandmay causevisual arti-
facts,soit is wiseto make textureswith appro-
priatesizesin the rst place.

2.6 Animation

Animation is performancesensitve; Unicon is
slower than systemsprogramminglanguages,
but neverthelesssupportsthe 3D animations
neededby CVEs. Unicon's VM falls some-
wherebetweenlava and scriptinglanguagesn
performancebut VM speedis not a problem
whenperformancés limited mainly by OpenGL
renderingspeed.The languageuntime system
senes as the “game engine” and runs at the
speedof its C code,andthe CVE semanticds
runningatthe speedf the VM.

Animationsredrav theentirescenezachtime
ary object moves or the user changespoint
of view. Ratherthan calling EraseArea(¥ol-
lowed by the appropriategraphicsprimitives,
Uniconprogramausuallyallow theruntimesys-
tem do the redraving. Unicon maintainsan
applicationlevel display list of graphicsoper
ationsto executewheneer the screenmustbe
redravn; the list containseverything sincethe
last EraseArea(). The elementsof the list are
Unicon recordsand lists containingthe string
namesand parametersof graphicsprimitives.
For example, a call to DrawSphere(wx,y,z,r)
returns(and addsto the display list) a record
gl_sphere("DravSphere”x, v, z,1).

Insteadbf redraving thescendo move anob-
ject, Unicon programsmodify the objects dis-
play list record(s)and call Refresh(). The fol-
lowing code fragmentillustratesanimationby



slidingaball upanddown. In orderto “bounce”
the programwould needto incorporatephysics.

sphere := DrawSphere(w,X,
increment = 0.2
every i := 1 to 100 do
every j = 1 to 100 do {
sphere.y +:= increment
Refresh(w)

}

Y,z )

It is easyto modify objects' attributes be-
tween frameswith high frame rates. Perfor
manceresultsare encouragingijn practiceRe-
fresh()is seldomcalledsincechanginghecam-
erapositionvia Eye() performsan implicit re-
fresh. The displaylist (modi ed implicitly via
variablesphere above) is alsousedto insert
or remove complex objectsin a scene without
rerenderingthem; it is easyto manipulatebe-
causst is anordinaryUniconlist. CVEsmain-
tain subsetof the displaylist correspondingo
rooms,tables,etc. The transformervironment
control structureproduceghe sublistof display
list objectsrenderedduringits evaluation.

In implementinganimationsvith Unicon3D,
we obsened that on the samehardware, with
vendor drivers, OpenGL scaledto large num-
bersof objectsmuchbetterunderoneoperating
systemthanunderanother Also, most3D ap-
plications' useof graphicsprimitivesis highly
repetitve. A typical CVE displaylist of 1000
elementss reducedoy 50%with theadditionof
apeepholeptimizerto thedisplaylist.

2.7 3D Example

This exampleillustratesmary 3D graphicsfea-
turesdescribecabore. Becausdhis is program
sourcecodeandnotadata le, programmability
and e xibility areretainedfor CVEs.
Texturescanbe capturedusinga digital cam-
era;directuseof image les makesaddingtex-
tureseasy Editing is usually neededo adjust
theimageresolutionor improve its quality.

procedure  main()
&window := open('casa", "gl",
"bg=black","size=700,700")
Texture("carpet.jpg") # floor
FillPolygon(-7,-0.9,-14,-7,-7,
-14,7,-7,-14,7,-0.9,

Figurel: A texture-mappedceneof aroom.

-14,3.5, 0.8,-14)
Texture("walll.jpg", # r. wall
0,1,0,0,1,0,1,2)
FillPolygon(2,4,-8, 8.3,8,-16,
8.3,-1.2,-16,2,0.4,-8)

Texture("wall2.jpg") # 1. wall
FillPolygon(2,4,-8,-9,8,-16,-9,
-1.2,-16,2,0.4,-8)
Texture("poster.jpg") # picture
FillPolygon(1,1.2,-3,1,0.7,
-3,1.2,0.5,-2.6,1.2,1,-2.6)
Texture("unicorn.jpg", # pic. 2

1,0,0,0,0,1,1,1)
FillPolygon(0.8,2,-9,-3,
1.6,-9,-3,3.9,-9,0.8,4,-9)
# Draw lamp in transform environ
{ Translate(0.7,0.20,-0.5)
Fg("emission pale yellow")
# nested environments
{ Rotate(-5,1,0,0,5,0,0,1)
DrawCylinder(-0.05,.57,-2,
.15,.05,.17)}
Fg("diffuse grey")
{ Rotate(-5,1,0,0,6,0,0,1)
DrawCylinder(0,0,-2.5,.7,

.035,.035)}
{ Rotate(6, 0, 0, 1)
DrawTorus(-.02,-.22,-2.5,
.03,.05)}
}
Texture("t2.jpg","auto") # table
{ Rotate(-10, 1, 0, 0

DrawCylinder(0,.2,-2,
1,.3,.3) }
{ Translate(0,-.09,-1.8)
Rotate(65, 1, 0, 0)
DrawDisk(0,0,0,0,.29)}



Fg("diffuse weak brown")
{ Rotate(-20, 1, 0,0)
DrawCylinder(0,.2,-2.2,
3,.1,.1)}
while Event() == "qQ"

end

3 An Example CVE

Unicon has beenusedto implementa simple
CVE calledNSH (New ScienceHall) that sup-
ports distanceeducationcourses,and also en-
ablesvirtual meetingsand labs with local stu-
dents.ThecoreCVE clientwaswrittenin about
5K lines of code, demonstratinghe potential
of theselanguagefacilities for CVE construc-
tion. Subsequerdevelopmenif acollaboratve

IDE andotherfeaturesaddedmorelinesof code
thandid the core CVE facilities. NSH avatars
are simple, customizablecommunicationtools
(Figure2). Avatarscanpoint, have anidentify-

ing label, andvisibly indicatewhenchattingis

performed. Usersprovide a GIF or JPGimage
to presenttheir faceinside a rectangleor tex-

turemappedvithin anegg-shapedhead.

Figure2: Avatars

NSH's graphicalervironmentis cartoon-lile,
ratherthan photorealisticas for CVEs suchas
Le DeuxiemeMonde Studentsill nothave eye
contact,but may have lessfear of embarrass-
mentwhile askingquestionsFigure3 shavs an
examplescendrom this ervironment.

NMSU's electronic classroomfeaturescus-
tom local software that feedsthe virtual white-
board contentup in Adobe SVG (an XML)
format via HTTP, whereit is available to the

Figure3: Virtual Academia with Integrated
WhiteboardsChatandVoice

CVE along with other SVG plugin-equipped
browsers.A collaboratve developmenterviron-
ment prototypewas also developed, shawvn in
Figure5. Usersedit text, watcheachother and
chat. Collaboratve views of otherareasof soft-
ware developmentare under construction. In-
structorscanwalk aroundavirtual lab, talk with
studentsandlook at their virtual screenszoom
in to the collaboratve ervironmentwhenques-
tionsrequireon-screernetails.

Figure4: A collaboratve IDE

4 RelatedWork

Openlventor [9] is a C++ API hbuilt atop
OpenGLat a high semantidevel; unfortunately
it is large and comple, andis not as ubiqui-



tousasOpenGL.InvenTcl[1] andiVRS [6] are
Tcl bindingsfor OpenliventorandVRS thatal-
low prototyping3D applications.InvenTcland
iVRS wrap a C++ 3D toolkit for anotherlan-
guage,insteadof aiming for higher level fea-
turesor API simpli cation.

VRML and X3D are scenedescriptionlan-
guagesbasedon Openliventors object model
that are more widely supportedthan Openin-
ventor They run inside a web browser offer-
ing limited capabilitiesfor dynamiccontent but
despitethis have beenextendedin production
CVEssuchasCybertavn (cybertavn.com)and
systemgdevelopedat the U.S. Navy's MOVES
Institutewww.movesinstitute.ay

Java’'s 3D APl is alittle easietthanOpenGL,
but learningto write Java 3D programsis dif-
cult [8]; Java 3D introducesa hiararchy of
aroundl50classesyYPython(vpython.opg) pro-
vides3D supporthatis nota“wrapper”layeron
top of a lowerlevel API; it bundlesan IDE for
3D programdevelopmentalongwith afastvec-
tor library, but is not aimedat CVEs sinceit is
notintegratedwith networking or audio.

The DIVE framework allows rapid CVE de-
velopment[2]. Ratherthan extendinga VM
andruntimesystemwith CVE-orientedfeatures
as in this paper DIVE's CVE engineis ex-
tendedusing the Tcl scripting language. This
is a closerto-mainstreanmapproacho rapid de-
velopmenbf customCVEs,but Tcl is famously
slow, discouraginghe useof extensiie dynamic
behaiors by large numberwf objects.

5 Conclusionsand Futur e Work

Uniconrequiresprogrammergo learnonly ba-
sic CVE conceptsand a few 3D functionsto
write CVE client code. This is importantwhen
technicalstaf consistsa smallnumberof aver
ageprogrammergievoting fractionaltime to a
project,insteadof the army of professionate-
velopersthat might build a CVE for industry
Uniconis often usedfor rapid prototyping,but
the facilities scalewell to productionapplica-
tionsexceptwhereCPU performances critical.
The facilities describedin this paperreduce
theamountof codeto implementsimple CVEs,
while retainingthe e xibility of a very high-
level languageThefeaturesievelopedwill also

beusefulin experimentalisualizationor group-

wareapplications.Futurework at the language
level will include additional performancetun-

ing, supportfor new 3D platforms,anddevelop-

mentof protocoland control structuresupport
for network uctuationsandfaults.
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